The ability of a culture of Neurospora crassa to produce a macroconidium or a microconidium is determined (irreversibly) a t a particular period during development. The determinative periods for macroconidiation and microconidiation are not always coincident. In some strains, prevention of conidial formation for a period encompassing the earlier of the two determinative periods, followed by a removal of the restriction allowing conidiation to proceed, causes a complete switch in the conidial character, so that strains which are normally macroconidiate may be induced to produce only microconidia. The phenotypic changes are not due to permanent genetic changes in the cultures. This phenomenon was observed only when normal growth proceeded during the time when conidial differentiation was prevented.
SUMMARY:
The ability of a culture of Neurospora crassa to produce a macroconidium or a microconidium is determined (irreversibly) a t a particular period during development. The determinative periods for macroconidiation and microconidiation are not always coincident. In some strains, prevention of conidial formation for a period encompassing the earlier of the two determinative periods, followed by a removal of the restriction allowing conidiation to proceed, causes a complete switch in the conidial character, so that strains which are normally macroconidiate may be induced to produce only microconidia. The phenotypic changes are not due to permanent genetic changes in the cultures. This phenomenon was observed only when normal growth proceeded during the time when conidial differentiation was prevented.
Considerable understanding of the nature of the gene and its relation to cellular metabolism has come from the study of micro-organisms such as Neurospora, Aspergillus and bacteria. With a few notable exceptions (e.g. Hammerling, 1953; Hirsch, 1954; Westergaard & Hirsch, 1954 ) these microorganisms have provided little information about the genetic control of morphogenesis despite the simple form of differentiation which some of them, e.g. fungi, exhibit. Recently Hirsch (1954) and Westergaard & Hirsch (1954) described their observations on the chemical basis of differentiation of the sexual organs of Neurospora. We are concerned here with some aspects of conidial differentiation.
Neurospora mama produces two types of vegetative spore, the multinucleate macroconidium and the uninucleate microcondium. Although there is some variability in size within each class, the size distributions do not overlap and a conidium can be scored rapidly as being either of the macro-or the micro-type. The two types of conidia are produced on different parts of the colony : the macroconidia on the ends of specially differentiated aerial hyphae or conidiophores and the microconidia in clusters along the mycelia at the surface of the medium.
The macroconidia are first produced after 2-3 days of growth and the microconidia after a period of 5-8 days depending on the strain. Thus macroconidia appear earlier. As a consequence, when samples of conidia are taken periodically from the colony surface and scored for the proportion of macroand microconidia the proportion of microconidia present rises with the age of the colony. In a 9-day wild-type culture approximately 1 yo of the conidia are of the micro-type, the rest being macroconidia. (Barratt & Garnjobst, 1949) . Strains which, though having the m gene, have neither the col-1 nor the 3 genes are macroconidial, e.g. col-I+; m. Though macroconidial this strain has a characteristic morphology, clumpy (Barratt & Garnjobst, 1949) , with the macroconidia produced on short aerial hyphae over the surface of the culture. Another example is the col-1; m sum strain. In this strain the linked gene sum suppresses the microconidial character of the m gene, without affecting the 'peach' character of m (Grigg, 1958) , and the macroconidia are produced copiously on very short aerial hyphae over the surface of the colony, giving the latter a velvety appearance. It is common experience that the numbers of conidia produced on a culture may be increased by change of environment; conidiating media have been described (Horowitz, 1947) which enhance macroconidiation, and growth in a humid atmosphere depresses conidiation. This paper reports some interactions between environment and genotype on the conidial character, and an attempt is made to interpret the patterns of differentiation observed in terms of the time of action of genes which affect the conidial character and of the periods in ontogeny during which the conidial character is determined.
METHODS
The following strains were used. (Ryan, 1958) .
Phenotype Reference
SuppZemented media. Minimal-CH (Westergaard's minimal supplemented with 1 g$, hydrolysed casein; pH 5.6); complete (conidiating complete Horowitz, 1947) . All media were solidified by the addition of 2 % (w/v) agar.
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Procedure. Cultures to be scored for their conidial character were grown under standard conditions in triplicate or quadruplicate in tubes containing 7 ml. sloped solid medium. It was observed that the addition of casein hydrolysate to Westergaard's minimal medium aided the production of microconidia in microconidial strains and increased the reliability of scoring the conidial character. Therefore in general minimal-CH medium was used when the conidial character was to be scored. Conidia were removed from cultures by adding 5 ml. water to the slope and carefully scraping the surface of the culture with a long wire seeker. Counts were performed in a Hellige haemocytometer. A culture was described as macro-or microconidial when 80% or more of the conidia produced were of that type. When 2 0 -8 0~0 were of one type and 80-20% were of the other type the culture was described as micro/macro or macro/micro, depending on the type of conidium which predominated.
RESULTS

Consequences of varying the rate of conidial differentiation to that of growth
by varying the incubation temperature of acont strains Macroconidia are produced in large numbers ( 5 x 107/tube slope) on 3 to 4 day old cmsa (and cms) cultures at 25". At 35" the cmsa cultures are relatively aconidiate producing less than 2 x 106 conidia/tube (Grigg, 1959) .
When fresh cultures of the cmsa strain were incubated at 35" for some days and then transferred as aconidiate cultures to 25", microconidia were produced in large numbers but no macroconidia. The minimum period at 35" necessary to induce the complete switch in conidial type was 2 days (Table 1) . One day at 35" followed by a subsequent incubation at 25" gave a mixture of macro-and microconidiation. The final number of microconidia produced seemed independent of the aconidiate period at 35" provided it was 2 days or more. Colonies grown from each of 300 single isolated microconidia were all macroconidiate and resembled the original macroconidiate culture in all particulars. Since the switch in the conidial character was associated with a temperature change it was important to know whether temperature per se or the prevention of conidiation was responsible. It was observed that conidiation could be prevented without slowing the growth rate by submerging a culture beneath liquid medium.
Consequences of varying the rate of conidial differentiation to that of growth by submerging the culture surface Macroconidia from the cmsa strain were spread over the surface of minimal-CH agar, incubated for 24 hr to anchor the conidia to the agar, then submerged to a depth of 7 mm. beneath liquid minimal medium. Equal numbers of unsubmerged controls were prepared also. After incubation for 24 hr. at 25", mycelia from some areas around the edge of the culture had reached the liquid-air interface, but most of the culture was submerged for 48 hr. After submersion for this period, the liquid was poured off. Those areas which had been submerged for 48 hr. produced microconidia exclusively while those submerged for 24 hr. produced only macroconidia. This observation suggests that neither the high temperature per se (temperature shock) nor some specific action of the aeont gene was responsible for the switch in the conidial character; but merely the prevention of macroconidial differentiation during some critical period in the ontogeny of the culture. During this critical period an irreversible process occurs and the conidial character is determined.
The evidence for a critical period in conidial differentiation is reinforced by some analogous results with the cm strain. Microconidiate at 25", this strain is macroconidiate at 85" (Grigg, 1960) . When fresh cultures were incubated for 2 days at 25" and then transferred aconidiate to 35" no macroconidia were produced but after 5 days large numbers (c. 5 x 10*/tube) of microconidia appeared. In this strain macroconidiation normally occurred after incubation from 2 to 3 days at 35" and microconidiation after 7 days at 25".
Growth and conidial differentiation could be simultaneously retarded by submerging agar cultures beneath sterile water for varying periods. Under the conditions of the experiments only slow growth occurred within 48 hr. after a 24 hr. Petri plate culture of the cms strain was covered with water and incubated at 25". Removal of the supernatant containing leached nutrients resulted in normal, though delayed, macroconidiation. This may be contrasted with the result obtained when the culture was submerged under liquid minimal medium; then growth of the culture proceeded without delay and at the normal rate. For a switch in conidial phenotype to occur it appears that normal growth must continue while the differentiation of macroconidiophores is retarded.
Since the col-I; msum strains are normally macroconidiate at 25" it is suggested that for them the determinative period for macroconidiation precedes that for microconidiation. Moreover, since prevention of macroconidiation results in microconidiation and not in loss of the ability to produce conidia, on the preceding interpretation the microconidiative determinative period must overlap the macroconidiative one.
In the cm strains the position is more complex because the col-1 ; m + ; + cultures have a different conidial phenotype at 25' (miroconidiate) from 35" (macroconidiate). At 25" we suggest that the microconidiate determinative period precedes the macroconidiative one ; a t 35" the macroconidiate period precedes the microconidiative one. At both temperatures the microconidiative period overlaps the end of the macroconidiative period furthest from the time of inoculation.
The altered conidial phenotype resulting from the prevention of normal differentiation during a critical period in development may be contrasted with Hirsch's (1954) observation of the effects of temperature on protoperithecial formation. He found that transfer of a culture from 35" to 25" resulted in the production of protoperithecia. This reversibility would suggest that the ' determinative ' period for protoperithecial formation is very extended, whereas in conidial differentiation the ' determinative ' period evidently is quite short.
